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(g) CATV terminal apparatus receiving a two-carrier-type broadcast signal. 



) A video intermediate frequency signal and an 
audio intermediate frequency signal are sepa- 
rated from an intermediate frequency signal, 
and provided to a demodulator (14). The de- 
modulator (14) demodulates the video inter- 
mediate frequency signal and an analog audio 
intermediate frequency signal of the audio in- 
termediate frequency signal into a video 
baseband signal and an analog audio baseband 
signal, respectively, and outputs the resultant 
signals to an RF modulator (16). Further, the 
demodulator (14) provides the audio inter- 
mediate frequency signal to a NICAM filter (18). 
The NICAM filter (18) separates only a digital 
audio intermediate frequency signal including a 
digital audio carrier from the audio intermediate 
frequency signal. A muting circuit (20) is inter- 
posed between the NICAM filter (18) and the RF 
modulator (16), and has a function of interrupt- 
ing passage of the digital audio intermediate 
frequency signal from the NICAM niter (18) to 
the RF modulator (16) based on a detection 
signal from a NICAM signal detecting circuit 
(19), which detects presence or absence of the 
digital audio intermediate frequency signal in 
the audio intermediate frequency signal. 
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The present invention relates to a terminal appa- 
ratus to be installed on the receiving side of a CATV 
(community antenna television, common antenna tel- 
evision or cable television) system. More particularly, 
the invention is directed to an audio beat eliminating 
circuit suitable for a CATV terminal apparatus which 
receives an audio-multiplexed broadcast signal or a 
stereophonic broadcast signal of two- carrier type. 

In the two- carrier-type audio-multiplexed broad- 
cast (or stereophonic broadcast) system, in addition 
to a conventional audio carrier (first audio carrier), an- 
other audio carrier (second audio carrier) is employed 
whose frequency is higher than the first audio carrier. 
In this system, the first audio carrier is assigned to a 
main audio signal ((L+R)/2 signal in the case of the 
stereophonic broadcast), and the second audio carri- 
er to an auxiliary audio signal (R signal or (L-R)/2 sig- 
nal in the case of the stereophonic broadcast). 

Presently known as a variation of the two-carrier- 
type system is the NICAM system in which the second 
audio carrier is a digital audio carrier. Fig. 5 shows the 
frequency distribution employed in the audio-multi- 
plexed (or stereophonic) broadcast of the NICAM sys- 
tem. In Fig. 5, symbols F v . F A and F N represent a video 
carrier frequency, analog audio carrier frequency and 
digital audio carrier frequency, respectively. 

Referring to Fig. 5 f in the PAL-I system the analog 
audio carrier frequency F A is located at 6 MHz and the 
digital audio carrier frequency F N at 6.552 MHz, while 
in the PAL-B and PAL-G systems the analog audio 
carrierfrequency F A is located at 5.5 MHz and the dig- 
ital audio carrier frequency F N at 5.85 MHZ. 

A CATV terminal apparatus that can receive a tel- 
evision signal of the NICAM system and reproduce a 
digital audio signal is disclosed in Japanese Patent 
Application Unexamined Publication No. Hei. 3- 
80685 (which corresponds to British Patent Applica- 
tion Unexamined Publication No. 2,237,710). In this 
CATV terminal apparatus, a video intermediate fre- 
quency signal and an audio intermediate frequency 
signal are separated from an intermediate frequency 
signal of a CATV television signal transmitted from a 
broadcasting center, and then temporarily demodulat- 
ed into baseband signals. After the audio baseband 
signal is subjected to volume control or muting con- 
trol, analog and digital audio baseband signals are in- 
corporated into the video baseband signal, and finally 
the resultant combined signal is modulated into an RF 
signal and sent to a TV receiver. 

The above CATV terminal apparatus has the 
problem that the analog audio baseband signal sent 
from a demodulator to an RF modulator and an analog 
audio signal component carried by the separated dig- 
ital audio signal interfere with each other in the RF 
modulator to possibly cause an audio beat 

This is explained below more specifically. In the 
above CATV terminal apparatus, an audio intermedi- 
ate frequency signal including both an analog audio 



signal component and a digital audio signal compo- 
nent is output from a split output terminal of an IC 
(e.g., CXA1 11 OBS of SONY CORP.) which constitutes 
the demodulator, and only the digital audio signal 
5 component is separated by a bandpass filter (BPF) 
from the audio intermediate frequency signal thus out- 
put Fig. 6 shows details of the frequency distribution 
of these audio signals. Referring to Fig. 6, in the PAL- 
B and PAL-G systems, the difference between the 

w analog audio carrier frequency F A and the digital au- 
dio carrierfrequency F N is 350 kHz. And if the frequen- 
cy band of the digital audio signal (i.e., its descending 
portion) is considered, the difference is decreased to 
about 100 kHz. With such a small frequency drffer- 

15 ence, in the BPF to extract the digital audio signal 
component it is extremely difficult to obtain such fil- 
tering performance that the analog audio signal com- 
ponent is sufficiently attenuated and no loss occurs 
in the necessary frequency band of the digital audio 

20 signal component Only a filter having a very steep at- 
tenuation characteristic can attain such performance. 
For this reason, the output signal (i.e., digital audio 
signal component) of the BPF unavoidably includes a 
slight analog audio signal component, which is unde- 

25 sirably introduced into the RF modulator. If there ex- 
ists a slight difference between the carrier frequency 
of such a slight analog audio signal component and 
the frequency of an oscillator for the frequency mod- 
ulation of the analog audio signal from the demodula- 

30 tor, the slight analog audio signal component inter- 
feres with the analog audio signal from the demodu- 
lator, causing an audio beat as mentioned above. The 
audio beat thus generated is output from a speaker of 
a TV receiver in the form of a sound whose frequerv 

35 cies are within the audible frequency band of a hu- 
man, and which is offensive to the ear. 

An object of the invention is to provide a CATV 
terminal apparatus of the NICAM system, which can 
suppress generation of an audio beat 

40 To solve the above problems, as shown in Fig. 1, 

a CATV terminal apparatus of the invention compris- 
es: 

first separating means 1 00 for separating a vid- 
eo intermediate frequency signal VIF and an audio in- 
45 termediate frequency signal SIF from an intermediate 
frequency signal IF of an input CATV television signal; 

demodulating means 101 for detecting the vid- 
eo intermediate frequency signal VIF and the audio 
intermediate frequency signal SIF 0 from the first sep- 
50 arating means 100, and for demodulating the detect- 
ed signals into a video baseband signal V and an ana- 
log audio baseband signal S, respectively; 

second separating means 104 for separating a 
digital audio intermediate frequency signal SIFi from 
55 the audio intermediate frequency signal SIF 0 from the 
first separating means 101 ; 

combining means 102 for frequency-modulat- 
ing the analog audio baseband signal S and combin- 
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ing the analog audio FM signal with the video base- 
band signal V from the demodulating means 101, and 
for incorporating the digital audio intermediate fre- 
quency signal SIF, from the second separating 
means 104 into the thus combined signal and output- 5 
ting the resultant signal; and 

modulating means 103 for amplitude-modulat- 
ing the combined signal from the combining means 
102 and outputting the resultant signal; and said 
CATV terminal apparatus further comprises: 10 

detecting means 105 for detecting presence or 
absence of the digital audio intermediate frequency 
signal SIF, in the audio intermediate frequency signal 
SIR and 

muting means 106 for prohibiting signal pas^ Is 
sage from the second separating means 104 to the 
combining means 1 02 when a detection signal B from 
the detecting means 1 05 indicates absence of the dig- 
ital audio intermediate frequency signal SIF, in the 
audio intermediate frequency signal SIR 20 

According to the invention, the intermediate fre- 
quency signal IF of the TV signal transmitted from the 
broadcasting center is input to the first separating 
means 100. The first separating means 100 sepa- 
rates from the intermediate frequency signal IF the 25 
video intermediate frequency signal VI F and the au- 
dio intermediate frequency signal SIF, and supplies 
the separated signals VIF and SIF to the demodulat- 
ing means 101. The audio intermediate frequency sig- 
nal SIF at this stage is the signal SIF 0 consisting of the 30 
analog intermediate frequency signal including the 
analog audio carrier of frequency F A and the digital in- 
termediate frequency signal including the digital au- 
dio carrier of frequency F N . The demodulating means 
1 01 demodulates the supplied video intermediate fire- 35 
quency signal VIF and the analog audio intermediate 
frequency signal of the supplied audio intermediate 
frequency signal SIF 0 into the video baseband signal 
V and the analog audio baseband signal S, respec- 
tively, and outputs the resultant signals V and S to the 40 
combining means 102. Since the analog audio base- 
band signal S is subjected to, for instance, level ad- 
justment in the demodulating means 101, the volume 
adjustment in a TV receiver is not necessary. Further, 
the demodulating means 1 01 provides the audio inter- 45 
mediate frequency signal SIF 0 to the second separat- 
ing means 104. The second separating means 104 
separates only the digital audio signal component in- 
cluding the digital audio carrier of frequency F N from 
the supplied audio intermediate frequency signal so 
SIFo, and outputs the signal SIF, having the separat- 
ed digital audio signal component The muting means 
106 is interposed between the output terminal of the 
second separating means 104 and the input terminal 
of the combining means 102, and has a function of in- 55 
terrupting passage of the signal SIF 1 from the second 
separating means 104 to the combining means 102 
based on the detection signal B from the detecting 



means 105. The detecting means 105 detects pres- 
ence or absence of the digital audio carrier of frequen- 
cy F N in the audio intermediate frequency signal SIFo, 
to produce the detection signal B. As a result, since 
the muting means 106 interrupts the signal passage 
from the second separating means 1 04 to the combin- 
ing means 102 when the digital audio carrier of fre- 
quency F N is not present in the audio intermediate fre- 
quency signal SIFo, &n analog audio carrier frequency 
leak component AF A of a very small level, which is 
mixed in the output signal SIF, of the second separat- 
ing means 104, can be prevented from being provided 
to the combining means 102. In other words, even if 
the digital audio carrier of frequency F N is not present 
in the audio intermediate frequency signal SIFo,' the 
analog audio carrier frequency component AF A still 
leaks from the second separating means 104. There- 
fore, according to the invention, the muting means 
106 intervenes to isolate the second separating 
means 104 when me digital audio carrier of frequency 
F N is not present The combining means 102 com- 
bines the video baseband signal V, the frequency- 
modulated signal of the analog audio baseband signal 
S, and the signal SIF, , and the modulating means 103 
modulates the combined signal into an RF signal. This 
RF signal is sent to the TV receiver. 

In the accompanying dra wings :- 

Fig. 1 is a diagram illustrative of the principle of 

the invention; 

Fig. 2 is a block diagram of an entire CATV sys- 
tem; 

Fig. 3 is a block diagram showing the outline of a 
two-carrier -type CATV terminal apparatus ac- 
cording to the invention; 

Fig. 4 is a circuit diagram showing an embodi- 
ment of the invention; 

Fig. 5 is a diagram illustrative of a frequency dis- 
tribution of a two-carrier-type, audio-multiplexed 
broadcast signal; and 

Fig. 6 is a diagram illustrative of details of the fre- 
quency distribution of audio signals. 
A preferred embodiment of the present invention 
is described below with reference to the accompany- 
ing drawings. 

(i) Outline of CATV System 

To facilitate the understanding of the invention, a 
CATV system to which a CATV terminal apparatus of 
the invention is applied is briefly described. 

Fig. 2 shows a general configuration of a CATV 
system. A broadcasting center 6 receives commercial 
broadcast programs by a BS antenna 1 and a BS con- 
verter 5 or a TV antenna 2, or produces own broad- 
cast programs using a TV camera 3 or a VTR 4, and 
distributes such programs to users through transmis- 
sion cables 9. Generally, respective users are given 
the distribution services on contract, and thus 
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charged accordingly. On each user's side, a transmit- 
ted CATV television signal, which has been scram- 
bled to prevent pirate viewing, is received by a CATV 
terminal apparatus 7, and subjected to descrambling 
etc. therein, and then sent to a TV receiver 8. The in- s 
vention relates to an improvement of the CATV termi- 
nal apparatus 7 in the above system. 

(ii) CATV Terminal Apparatus 

10 

Fig. 3 shows a CATV terminal apparatus accord- 
ing to an embodiment of the invention. In Fig. 3, mul- 
tichannel (50 to 500 MHz) TV signals transmitted from 
the broadcasting center 6 (see Fig. 2) come to an in- 
put terminal 10, and are provided to a converter 11. "75 
The converter 1 1 selects a signal of a desired channel 
from the TV signals thus provided, frequency-con- 
verts the selected TV signal into an intermediate fre- 
quency signal IF, which is fed to both a descrambler 
1 2 and a bandpass filter (BPF) 15. 20 

The descrambler 12 descrambles the intermedi- 
ate frequency signal IF by extracting, by AM detection, 
scrambling data that is superimposed as in-band data 
on an audio intermediate frequency signal SIF of the 
intermediate frequency signal IF, and expanding dot- 25 
tions of a video intermediate frequency signal VI F 
based on the extracted scrambling data. The de- 
scrambled intermediate frequency signal IF is applied 
to a BPF 13. 

TheBPF13isa filter for separating the video in- 30 
termediate frequency signal VIF from the descram- 
bled intermediate frequency signal IF, and its pass- 
band is determined in accordance with the video car- 
rier frequency F v shown in Fig. 5. The separated video 
intermediate frequency signal VIF is fed to a demod- 35 
\ ulator 14. 

0 The BPF 1 5 is a filter for separating the audio in- 

termediate frequency signal SIF from the intermedi- 
ate frequency signal IF provided from the converter 
11, and its passband is determined so as to include 40 
the analog audio carrier frequency F A and the digital 
audio carrier frequency F N (see Fig. 5), which means 
that the audio intermediate frequency signal SIF out- 
put from the BPF 15 includes both the analog audio 
carrier of frequency F A and the digital audio carrier of 45 
frequency F N . This audio intermediate frequency sig- 
nal SIF is fed to the demodulator 14. 

Trie demodulator 14 produces, by synchronous 
detection, a video baseband signal V from the video 
intermediate frequency signal VIF. Further, the de- 50 
modulator 14 outputs an analog audio baseband sig- 
nal S by intercarrier-detecting the audio intermediate 
frequency signal SIF, filters the detected audio inter- 
mediate frequency signal SIF by a BPF to separate 
only the analog audio signal component including the 55 
analog audio carrier of frequency F*. and by subject- 
ing the separated analog audio signal component to 
FM detection. The resultant video baseband signal V 



and the analog audio baseband signal S are supplied 
to an RF modulator 16. The FM-detected analog au- 
dio baseband signal S can now be subjected to vol- 
ume control or muting control based on a control sig- 
nal externally applied from an audio control circuit, 
and this is why the video baseband signal V and the 
analog audio baseband signal S are produced by the 
demodulator 14. Finding no direct relevance to the in- 
vention, such control will no further be described. The 
intercarrier-detected audio intermediate frequency 
signal SIF(F A , Fn) is output from a split output terminal 
1 7 of the demodulator 14, and provided to a digital au- 
dio signal processing circuit 32. 

Trie digital audio signal processing circuit 32 in- 
cludes the following circuit components. A NICAM fil- 
ter 18 separates the digital audio intermediate fre- 
quency signal SIF(F N ) from the applied audio inter- 
mediate frequency signal SIF(F A , Fm) and provides 
the separated signal to the RF modulator 1 6. A NICAM 
signal detecting circuit 19 detects whether the digital 
audio carrier of frequency F N is present in the applied 
audio intermediate frequency signal SIF(Fa, Fn). A 
muting circuit 20 interrupts, based on a detection sig- 
nal B from the NICAM signal detecting circuit 19, pas- 
sage to the RF modulator 16 of a signal appearing at 
the output terminal of the NICAM filter 18, i.e., a leak 
component AF*, if the digital audio carrier of frequen- 
cy F N is not included in the applied audio intermediate 
frequency signal SIF(Fa, Fn). 

A specific example of the digital audio signal 
processing circuit 32 is shown in Fig. 4. The NICAM 
filter 18 has BPFs 27, 29 for separating the digital au- 
dio intermediate frequency signal SIF(F N ) from the 
audio intermediate frequency signal SIF(F Al F N ). The 
BPFs 27, 29 has a bandpass characteristic which per- 
mits passage of only the digital audio signal compo- 
nent including the digital audio carrier of frequency 
F N . A limiter amplifier 28 is interposed between the 
BPFs 27, 29, to suppress the resultant digital audio 
signal component to a predetermined level. Refer- 
ence numerals 26, 30 denote buffer amplifiers. The 
output terminal of the buffer amplifier 30 is connected 
to an attenuator 31 for adjusting the output level of the 
digital audio intermediate frequency signal SIF(F N ). 
The output terminal of the attenuator 31 is connected 
to an adder 23 of the RF modulator 16 so that the dig- 
ital audio intermediate frequency signal SIF(F N ) sepa- 
rated by the NICAM filter 18 is applied to the adder 23. 
The output terminal of the BPF 29 is connected to the 
input terminal of the NICAM signal detecting circuit 
19. 

Trie NICAM signal detecting circuit 19 includes 
coupling capacitors C 1( C* a buffer amplifier 33, and 
diodes D 1t D 2 . The diodes D 1t D 2 constitute a detect- 
ing circuit (or a rectifying circuit), which detects the 
digital audio intermediate frequency signal SIF(F N ) to 
produce a DC detection signal B to be provided to the 
muting circuit 20. 
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an adder 21 and a frequency modulating circuit 22. 
The analog audio baseband signal S is frequency 
modulated by the modulating circuit 22 and added by 
the adder 21 to the video baseband signal V from the 
5 demodulator 14. A combined signal (VIF + SIF(Fa)) 
generated at the adder 21 is provided to the adder 23. 
The adder 23 adds the signal SIF(F N + AFa) from the 
NICAM filter 18 to the combined signal (VIF + 
SIF(Fa)) from the adder 21 to generate another com- 
10 bined signal (VIF + SIF(F A + F N )), which is supplied 
to a mixer 24. The mixer 24 and an amplitude modu- 
lating circuit 25 work to amplitude-modulate the com- 
bined signal, and outputs an RF signal, which is sent 
to the TV receiver 8 (Fig. 2). 
15 Although the component of frequency F N is de-' 
scribed as the digital audio signal in the above em- 
bodiment, similar discussions wOl apply even if the 
component of F N is the analog audio signal, as long 
as the relationship between the components of F N and 
20 F A remains unchanged. 

According to the invention, since signal supply to 
the combining means from the second separating 
means is prohibited unless the digital audio intermedi- 
ate frequency signal is included in the audio inter- 
25 mediate frequency signal, the analog audio carrier 
frequency leak component of a very small level, which 
is leaked in the second separating means, will never 
be introduced to the modulating means. As a result, 
the generation of an audio beat in the modulating 
30 means can be suppressed. 



The muting circuit 20 is a switching circuit includ- 
ing nprvtype bipolar transistors Q 1t Q 2 . Reference 
character C 3 denotes a high-cut capacitor; R 1f a bias 
resistor; R 2 , a limiting base resistor; and R 3 , a load re- 
sistor. In the muting circuit 20, when the DC detection 
signal B from the NICAM signal detecting circuit 19 is 
at the "H" level, i.e., when the signal from the split out- 
put terminal 17 includes the digital audio carrier of fre- 
quency F N , the transistor Qi turns on. This causes the 
collector potential of the transistor Q, to drop to the 
ground level, which turns the transistor Q 2 off. Since, 
in this case, the output terminal of the attenuator 31 
is not short-circuited to the ground level 6ND, no mut- 
ing operation is performed. 

On the other hand, when the detection signal B 
from the NICAM signal detecting circuit 1 9 is at the "L" 
level, i.e., when the digital audio carrier of frequency 
F N component is not included in the signal from the 
split output terminal 1 7, the transistor Q 1 turns off and 
the transistor Q 2 turns on. The causes the output ter- 
minal of the attenuator 31 to short-circuited through a 
path indicated by the arrow to the ground level GND, 
thus interrupting signal supply from the attenuator 31 
to the adder 23 of the RF modulator 16. If the muting 
circuit 20 is not inserted, the output signal of the at- 
tenuator 31 does not carry the digital audio signal 
component, but it does carry a leak component AF A 
of the analog audio carrier of frequency F A of a very 
small level because of the cutoff characteristic of the 
BPFs 27, 29 and of a small difference between the 
analog audio carrier frequency F A and the digital au- 
dio carrier frequency F N . This will cause a beat com- 
ponent at subsequent stages. On the other hand, ac- 
cording the circuit of the invention, when the digital au- 
dio carrier of frequency F N is not present the output 35 
terminal of the attenuator 31 is short-circuited to the 
ground level GND, i.e., the muting operation is effect- 
ed, so that the leak component AF A is never intro- 
duced to the RF modulator 16 through the adder 23. 
Accordingly, the generation of an audio beat can be 40 
obviated. 

If the audio intermediate frequency signal SIF 
carries the digital audio carrier of frequency F N , the 
leak component AF A is undesirably introduced to the 
RF modulator 1 6 while carried by the digital audio car- 45 
rier of frequency F N , thereby causing an audio beat 
However, by virtue of incorporation of the limiter am- 
plifier 28 in the NICAM filter 18, the level of the leak 
component AF A is limited together with the digital au- 
dio intermediate frequency signal SIF(Fn), so that the so 
component AF A to be introduced to the adder 23 is 
suppressed. Further, a beat sound caused by the leak 
component AF A is masked by the reproduction sound 
of the digital audio intermediate frequency signal 
SIF(Fn). For these reasons, there will occur no prac- 55 
tical problems in conjunction with the leak component 
AF A . 

Returning to Fig. 3, the RF modulator 16 includes 



Claims 

1 . A CATV terminal apparatus which receives a tel- 
evision signal including a video signal and first 
and second audio signals carried by audio carri- 
ers having different frequencies, and which com- 
prises means (18, 104) for separating a second 
audio intermediate frequency signal representing 
the second audio signal from an audio intermedi- 
ate frequency signal, and means (16, 102) for 
combining the separated second intermediate 
frequency signal with remaining signal compo- 
nents, characterized by: 

means (19, 105) for detecting whether the 
second audio intermediate frequency signal is 
present in the audio intermediate frequency sig- 
nal; and 

means (20, 106) for prohibiting passage of 
the separated second audio intermediate fre- 
quency signal to the combining means (16, 102) 
when the detecting means detects absence of the 
second intermediate frequency signal. 

2. The apparatus of claim 1, characterized in that 
the first and second audio signals are an analog 
audio signal and a digital audio signal, respective- 
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3. The apparatus of claim 1, characterized in that 
the first and second audio signals are stereo- 
phonic audio signals. s 

4. The apparatus of claim 1, characterized in that 
the separating means comprises a limiter ampli- 
fier (28) for suppressing the separated second in- 
termediate frequency signal to a predetermined 10 
level. 

5. A CATV terminal apparatus which receives a two- 
carrier-type television signal, detects a main au- 
dio baseband signal and a video baseband sig- 15 
nal, and produces an RF signal to be input to a TV 
receiver, characterized by: 

means, (19, 105) for detecting whether a 
sub-audio intermediate frequency signal is pres- 
ent or not; and 20 

means (20, 106) for muting the sub-audio 
intermediate frequency signal. 

6. The CATV terminal apparatus of claim 5, charac- 
terized in that the sub-audio intermediate fre- 25 
quency signal is combined with a signal produced 

by combining the video baseband signal with a 
frequency-modulated signal of the main audio 
baseband signal. 
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